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oiT otixerr fusion enhancing mateirial. Some .s:>catnples of Bucn 
mater-ials are toone narvestea from tne pacient, or iDone growth 
inducing material such as. l3ut not limiteca to, hydroxyapatite , 
nydroxyapatite trxcalcium phosphate? or t>one moirphogenic protein. 
The cap 148 and/or the spinal fiisioxi itt^lant 120 may toe made of but 
not limited to any material appropriate for human implantation 
including merals such as cobalt chrome, stainless steel, titanium, 
plastics, ceramics, composites and/or may be made of, and/or 
filled, and/or coated with a bone ingrowth inducing material such 
as, but not limited to, hydroxyapatite or hydrox>'apatite tricalcium 
phosphate or any other osteoconductive, osteoinductive, osteogenic, 
or other fusion enhancing material. The cap 148 and the implant 
120 may be partially or wholly bioabsorbable . 

^^^^jrrT±zis to Fig-ure 4, an alternative embodiment of the 
spinal fusion itr^lant of the present invention is shown and 
generally referred to by the numeral 220, The implant 220 has a 
f rusto-conical body 222 and has a surface confic jurat ion of forward 
facing ratchetings 24 0 suitable for engaging the bone of the 
adjacent vertebrae. Each of the plurality of ratchetings 240 has a 
bone engaging edge 242 and ramped portion 2 44. 

The orientation of the ratchetings 24 0 malces the 
insertion of the itt^lant 220 easier than its rem.3val, as the ramped 
portions 244 act as an inclined plane on the way in, while the bone 
engaging edges 242 resist motion in the opposite directions* These 
forward facing ratchetings 240 tend to urge the imcplant 220 forward 
until the unremoved bone of the vertebrae blo-lcs further motion 
resulting in a very stable spine and implant construct. 

Xn the preferred embodiment, the bone engaging edges 242 
of the ratchetings 240 have a height at a highest point measured 
from the root diameter of the implant 22 0 in the range of 0,25 - 
2.0 mm, with the preferred height being 0.4 mm for use in the 
cervical spine and 1.25 mm for use in the lumbstr spine. 

Referring to Figures 5 and G, cross sectional views of 
implant 220 are shown. The implant 220 has channels 250 passing 
through the implant 22 0 and wells 2 60 formed in the surface of the 
implant 220. The wells 2€0 may or may not ccmmxinicate with the 
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ct^anneXs 2SO. in tUe preferreci emboli itneoat of implant 220, tHe 
channels 250 nave a diameter in the range of 0, 3. mm to 6 tttm, with 
2-3 tnm being the p^raferr-ea aiaToenex- , The wells 260 have a diameter 
in the range of 0 . 1 trim to S ram, with 1-3 mm toeing the preferred 
ciiameter range. It is appreciated that althoiagh the channels 250 
an<a wells 260 are shown having a generally rounded configuration, 
it is within the scope of the present invention that the channels 
250 and wells 260 may have any size, shape, configuration, and 
distribution suitable for the intended purpose. 

Referring to Figures and 4B, an alt€5mative embodiment 
of the implant 22 0 is shown and generally r^af erred to by the 
numeral 220*. The implant 220* has ratchetings 240' having a 
radius measured from the longitudinal ceniral axis 1.4 that 

increases in size from the insertion end 224 • to tne trailing end 
to the trailing end 226' • The ratchetings 240' each have a height 
measured from the body 222' that is not constant throughout the 
length of the implant 220 • . In the preferred embodiment, the 
thread radius and the trhead height increasis in size from the 
insertion end 224* to the trailing end 226'. 

AS shown in Figure 4B, the implant :220» has truncated 
sides 2V0 and 2 72 forming two planar surfaces which are 
diametrically opposite and are parallel to the longitudinal axis 
. in this manner, two implants 220' may be placed side by side 
with one of the sides 270 or 272 of each implant touching, such 
that the area of contact with the bone of the adjacent vertebrae 
and the ratchetings 24 0* is maacimized. 

Referring to Figures 7-9A, an alternsitive embodiment of 
the spinal fusion implant of the present inve:.ition is shown and 
generally referred to by the numeral 320a, The implant 320a is 
shown placed next to a second implant 320b shown in hidden line. 
The implant 3 2 0a has a body 322 that is made out of a mesh-liKie 
material comprising strands which may be made of metal that are 
pressed together and molded into a partially f rusto-conical 
configuration. The implant 32 0a has an insercion end 324 and a 
trailing end 326 and may be made entirely of a mesh-lilce material 
or may comprise an outer covering made of the mesh-like material. 

CON I C Ali , AP 5 13 



PAGE 38/70 * RCVD AT 9/30/2005 8:12:37 Plfl [Eastern Daylight rime] * SVR:USPTO-EFXRF-6;25 * DNIS:2738300 * CSID:3308772030 * DURATION |mrTWS):17-30 



09-30-2005 10:30 F rom-UART IN&FERRAROLLP 



3308772030 



T-187 P. 004/035 F-S81 



It is appireciated cnat the impXant 320a may t>« solia oir may toe 
partiaXly hollow and include at least one inte«ial , cinamtoer . 

AS snown in Figure 9A, tiie mesti-liKe oaterial comprises 
strands that are formed and pressed togetlxer such that interstice© 
339, capable of retaining fusion promoting material and for 
allowing for bone ingrowth, are present between the strands in at 
least Che outer surface 338 of implant 320, 

Referring to Figure alternatively the implant 3 2 0a 

may be made of a cancellous material 350 such that the outer 
surface 33S has a configuration as shown in Figure 9B . As the 
implant 32 0a may be made entirely or in part of the cancellous 
material 35 0, the interstices 353 may be preisent in the outer 
surface 338 and/or within the entire implant 32 0a to promote bone 
ingrowth and hold bone fusion promoting materials. 

Referring again to Figure 8, the implant 32 0a is 
partially frusto- conical, similar to implant 20, and having at 
least one truncated side 34 0 that forms a planar surface parallel 
to the longitudinal aacis of implant 320. The truncated side 340 
allows for the placement of two implants 320a and 320b closer, 
together when placed side by side between two adjacent vertebrae as 
set forth in U.S. Patent Application Serial no. 08/390,131, 
incorporated herein by reference implant 3 20a may be partially 
threaded or may otherwise resexnble any of the other embodiments 
herein described or that are functionally equivalent. 

Referring to Figure lO, a side elevational view in 
partial cut-away of an alternative embodiment of the implant of the 
present invention is shown and generally referred to by the nvimeral 
420- The implant 420 has a body 422 that is f rusto-conical in 
shape having an insertion end 424 and a trailing end 426. The 
implant 420 has an outer surface 438 that is ccLpable of receiving 
and holding bone, or other materials capable of participating in 
the fusion process and/or capable of promoting bone ingrowth. In 
the preferred embodiment, the surface 438 comprises a plurality of 
posts 44 0 that are spaced apart to provide a plurality of 
interstices 442 which are partial wells with incomplete walls 
capable of holding and retaining milled bone material or any 
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artificial i^one ingrowth promoting mate^riai . TUe impXant 420 may 
l>e prepared for implantaniora by groiitins or otti^^rwise coating tine 
surface 438 with the appropriate fusion promoting substances. 

Referring to Figure ii, an enlarged v:.ew of the svirface 
436 of implant 420 is shown. In the preferred embodiment, the 
posts 44 0 have a head portion 444 of a larger diameter than the 
remainder of the posts 440, and the each of the interstices 442 is 
the reverse configuration of the posts 444 ha^rincf a bottom 44 6 that 
is wider than the entrance 448 to the interstices 442. Svich a 
configuration of the posts 44 0 and intersticeis 442 aids in the 
retention of bone material in the surface 43 8 of the implant 42 0 
and further assists in the locking of the implant: 42 0 into the bone 
fusion mass created from the bone ingrowth, whil-e providing for an 
improvement in the available amount of surface area which may be 
still further increased by rough finishing, floOcing or otherwise 
producing a non smooth surface . 

In the preferred etnbodiment , the posts 44 0 have a ma^cimum 
diameter in the range of approximately 0.1-2 umi and a height of 
approximately 0.1-2 mm and are spaced apart a distance of 
approscimately 0.1-2 mm such that the interstices 442 have a width 
in the rsmge of approximately O.i to 2mm. The post sizes, shapes, 
and distributions may be varied within the same implant. 

The embodiments of the f rusto-conicEtl implants of the 
present invention described above may be implanted with the method 
described below. 

In the preferred method of the pres-snt invention, the 
diseased disc between two vertebrae is at least partially removed. 
The two vertebrae adjacent the diseased disc are then optimally 
distracted and placed in the desired amount of lordosis by any of a 
number of well )cnown means including, but not limited to, those 
means that distract the vertebral bodies by engaging screws placed 
into the anterior aspect of the vertebral bodies, and disc space 
distractors that are placed from the anterior <ispect of the spine 
into the disc space and are then used to urge the vertebral 
endplates away from each other and into lordosis . When the correct 
amount of distraction and lordosis have been achieved at the 
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affectea cllsc level, tiien a frusto- conical space is created from 
anterior co posterior between the aajacent vertebrae. Tne trusto- 
conical space that is created is greater irx diaireter than tHe disc 
space tieigtit, such that some iDone is removed from each of the 
adjacent vertet^rae. The oreanea space is generally frusto- conical 
in shape, toeing greatest in diameter anteriorly and tapering to a 
lesser diameter posteriorly. 

It should toe noted that where the spirie is of sufficient 
width, it may toe possible to prepare two snch frvisto- conical spaces 
side-toy-side at the same disc level, allowing Eor the use of two 
implants instead of one. In either event, once the f rusto-conical 
space is prepared and all detoris removed, thta implant is then 
inserted into the prepared space across the disc space, penetrating 
into each of the adjacent vertetorae, from anterior to posterior* 

In the preferred emtoodiment, the diseased disc is first 
removed toy conventional disoectomy. The depth o:: the disc space is 
then determined toy direct measurement. An interspace distractor 
such as chat described toy Michelson in U.S. :?atent Application 
Serial No. 08/396,4X4 entitled apparatus and method of inserting 
spinal itt^lants, incorporated herein toy reference, is then inserted 
into the disc space. a series of such distractors are avaiXatole 
and are sequentially inserted until the cptimal amount of 
distraction across the disc space is achieved. The interspace 
distractors utilized for this purpose are wedgad so as to induce 
physiological lordosis. An outer sleeve is then fitted over the 
toarrel portion of the interspace distractor and firmly seated in 
engagement with the spine. as previously descritoed in U.S. Patent 
Application serial No. 00/396,4X4, said outer sleeve may itself 
have extended portions capatole of either maintaining or of 
ototaining and maintaining distraction- Said outer sleeve may also 
have vertetorae engaging prongs to further st.atoilize the outer 
sleeve to the spine and to more rigidly control motion at the 
adjacent vertebrae- As descritoed in U.S. Patent Application serial 
no. 08/396,414, the use of the extended outer sleeve with 
distractor portions actually mak:es it possitole to achieve the 
optimal distraction and lordosis without the usse of the descritoed 
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interspace aiatractor. However, if nhe interspace ai^tractor is 
iised, ttien the outexr sleeve is fully engage<i uo the spine, the 
disnractor is removed, and in the piref erred me^thocl by use of a 
slap-hantmer, engaging the most proximal aspect of the distractor. 

Referring to Figure 3.2, a segment of the spinal column S 
is shown with vertebrae V, and V, shown in lordosis adjacent to disc 
space and vertebrae v, and shown not in lordosis but 

relatively paralell to each other adjacent disc space D^. a first 
drill 510 having an opening 5i2 across the disc space , and into 
adjacent vertebrae V, and V,. and a second drill 52 0 having an 
opening 522 across the disc space D^^ and into adjacent vertebrae 
and V3 are shown in Figure 12. In the preferred embodiment , the 
interbody spinal fusion implant itself is threaded and frusto- 
conical in shape and therefore, the remainir.g portion of the 
procedure will be described in regard to that particular embodiment 
of the present invention. With the disc space fully distracted and 
in anatomical lordosis and with the outer sleeve firmly engaged to 
the spine, it is then desirable to prepare the spine for receipt of 
the interbody fusion implant. It is preferable to prepare a space 
across the disc space and penetrating into the adjacent vertebrae 
which space corresponds roughly to the root dimensions of the 
implant to be implanted. For this purpose, a stopped-out bone 
cutting instrument is inserted through the outeir sleeve, the shape 
of the cutting portion of the first drill 510 generally 
corresponding to the frus to- conical shape of tl:-e root diameter of 
nhe implant being inserted. This instrument may taJce the form of a 
frusto- conical drill or a mill and may be used to cut the bons by 
rotation, said rotation being achieved either through a manual 
handle or with power. Having prepared the space, the surgeon has 
two options. one is to remove the outer sleeves and then, because 
the implant is itself f rusto-conical, screw the implant in using an 
implant driver capable of locJcing to the implant. The other is to 
leave the outer sleeve in place during the insertion of the 
implant . 

If the surgeon wishes to remove the outer sleeve, the 
insertion of the implant itself causes a re-production of the 
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previous disc r-act ion which is easily achieved as che itt^lant itself 
is frua to- conical in shape and che space created by the removal of 
the hone to either side of the disc space essentially corresponds 
to the root diameter of the implant such that as the implant is 
inserted, the threads are eml^edded into the vertebrae adjacent the 
disc space. Once the implant is fully inserted, ttie insertion 
apparatus is disconnected from the implant. if the cervical disc 
space is sufficiently wide from side- to- side, the procedure is 
performed in the same manner except that either a double -barrel led 
outer Sleeve may be used or the previously described procedure 
essentially performed twice at the same disc level, such that a 
pair of impiants may be inserted side-by-side, 

in the alternative, if the surgeon wishes to leave the 
outer sleeve in place during the insertion of -he implant and if 
the implant, as per this example has both a minor and a major 
diameter such as with a threaded implant, then the bone removing 
portion of che drilling means needs to generally correspond to the 
root diameter of the implant while the inside di.ameter of the outer 
sleeve needs to be great enough to allow the passage of the major 
diameter of the implant. As it is desirable to stca:>ilize the bone 
removal instrument and to assure that it removes e<iual portions of 
bone from each of the adjacent vertebrae. This may be achieved by 
a reduction sleeve which fits between che bone removal means and 
the inner wall of the outer sleeve and which essentially 
corresponds to the difference between the minor and major diameters 
of the implant, or some portion of the drill shaft proximai to the 
cutting end may have a diameter which corresponds to the major 
diameter of the implant even while the distal bone removing portion 
corresponds to the root diameter of the implant- in either way, 
the bone removal instrument is both stabilized and centered within 
the outer sleeve . 

The approach to the lumbar spine may eicher be 
retroperitoneal, or transperitoneal. The procedure may be 

perforTned under direct vision, or laproscopicaMy with the use of 
an endoscope. Generally it is preferable to utilize two implants 
which are inserted in an anterior to posterior direction, one to 
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eitlier si<ae of tne midlintB , Tlie implants may toe inserted using 
eicher- a single -toarreX led or double -barrelled outer sleeve, and toy 
the metnods previously descritoed in ttie pending u.S, Patent 
Application serial No. 08/396,414 from wUicn the present methods 
differ only in the shape of the drill end or toone milling device 
which is essentially conical. As also previously- descritoed, in co- 
pending application Serial No. 08/396,414, tt.e methods can toe 
utilized for the insertion o£ non- threaded implants in which case 
said implants are linearly advanced rather than threaded in. And 
finally, as previously descritoed in co-pending application 
08/390,131, the implants themselves ittay have truncations on the 
sides to form a planar surface parallel to the longitudinal axis of 
the implant, such that it is possitole to fit two such implants more 
closely together toy narrowing the width of eac::i while preserving 
their height - 

Referring again to Figure 12, in an alternative method of 
implant insertion, the use of at least partially f rusto-conical 
ijxtertoody spinal fusion implants allows for the creation of 
lordosis toy the implant itself where none is pr-ssent to toegin with 
as with the angular relationship of and v, shown in Figure 12 . 
As per this example, the disc space which in the preferred 

circumstance would be fully distracted tout need ciot toe, tout lacking 
lordosis, could have a toore drilled across thiat space such that 
equal arcs of toone and A^ are removed from eaich of the adjacent 
vertetorae and using a drill 52 0 or toone milling device capatole 
of producing a cylindrical toore. Where or.e such tooring is 
performed, it would generally toe in the center line and directed 
from anterior to posterior . This might toe appi'opriate for use in 
the cervical spine. More commonly and as generally would toe the 
rule in the lumtoar spine, a pair of bores would toe so created from 
anterior to posterior, one to each side of the midline. The 
essential feature here is that the vertetorae, whether distracted 
from each other or not, are essentially lacking the full 
restoration of lordosis. The use of the substantially cylindrical 
toone removal instrument 520, (e.g. a drill), provides for the 
removal of a generally uniform thiclcness of toone from each of the 
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adjacent veirtetorae from anfce:rioir to posterior. THe Insertion of a 
firueto-conleal implant, having a larger diameter at its trailing 
edge than at its leading edge, then forces the anterior aspects of 
the adjacent vertebrae apart more so than the posterior aspects 
where the diameter is lesser. This utilizes the implant to produce 

the desiireci Xorciosis - 

insert 

wnile tlie present invention lias loeen descritoeci in detail 
with regar<is to the preferx-e^a embocaiments , it ifs appreciated that 
other variations of the present invention may lota Revised which do 
not depart from the inventive concept o£ the present invention. in 
particular, it is appreciated that the various teachings described 
in regards to the specific embodiments herein mciy be combined in a 
variety of ways such that the features are not limited to the 
specific embodiments described above. 

Each of the features disclosed in the various embodiments 
and their functional ecguivalente may be ootnboined in any 
combination sufficient to achieve the purpos€iS of the present 
invention as described herein. 
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wtxat is claimeca. is: 

1. A frusco-conical intertoocay spinal fusion implant inacie of a 
mateirial appi-opriate for Inuman implantation, comprising: 

a siitostantially frus to -conical i^ody having an insertion en<a, a 
trailing end and an outer surface; and. 

toone engaging means for engaging said irrrDlanc to adjacent 
vertebrae of tlie spine . 

2. The spinal fusion implant of claim l in wHich said bone 
engaging means comprises an external thread. 

3. The spinal fusion irr^lant of claim 2 in which said external 
thread has a sulDstantially cylindrical external configuration. 

5. The spinal fusion implant of claim 1 in which said bone 
engaging means comprises a roughened outer surface. 

6. The spinal fusion itt^lant of claim 1 in which said bone 
engaging means comprises a plurality of posts spsaced apart along at 
least a portion of the outer surface of said body . 

7. The spinal fusion implant of claim 7 in which said plurality 
of posts have a head portion and a stem portion, said head portion 
having a wider diameter than said stem portion . 

8. The spinal fusion Implant of claim i in which said bone 
engaging means comprises a mesh material with a plurality 
interstices for receiving fusion promoting material. 

10. The spinal fusion implant of claim X in which said implant has 
an internal chamber and. an access opening for accessing said 
internal chamber. 

11. The spinal fusion implant of claim lO in which said internal 
chamber is capable of containing fusion promoting material. 

12. The spinal fusion implant of claim lO in which said implant 
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comprises a waXl surrounding aaicL internal chamter. 

X3. The spinal fusion in^lant of claim ao in wlii^h said, wall iaas a 
plurality of openings parsing cherethrougn in communicacion wiclri 
said, internal ctiamber - 

X4. Tne spinal fusion implant of claim X Haviag a plurality of 
openings capable retaining fusion promoting mattirial . 

IS. me spinal fusion implant of claim i in wHicti said bone 
engaging means includes a pluirality of surface rougtienings for 
engaging said adjacent vertebrae and for maintaining said implant 
in place, said surface rougHenings 33eing prescmt on at least a 
portion of the outer surface of said implant. 

X6. Ttie -spinal fusion implant of claim xs in which said surface 
roughenings include a plurality of ratchetings, 

18, The spinal fusion implant of claim X5 in which said surface 
roughenings include knurling . 

19 . The spinal fusion implant of claim i in which said implant 
comprises a bone ingrowth material - 

19a. The spinal fusion implant of claim X in which said implant 
comprises a fusion promoting material 

20. The spinal fusion implant of claim xo in which said implant 
has a removable closing means for closing said access opening, 

2X. The spinal fusion implant of claim 1 in which one end of said 
implant includes an engagement means for engaging instrumentation 
for the insertion of said itt^lant » 

22. The spinal fusion implant: of claim 1 in which at least a 
portion of said outer surface comprises wells having partial walls. 
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[REDACTED] A partially conical spicial fueion itt^lant 

made of a material appropriate for tiuntan iirplant atxon, saia spinal 
fusion itnplant comprising a f rusto-conical toody having a maxiinum 
aiameter- portion; said body having an e^cterior £:iirface configured 
to be placed in close proximity to a second partially conical 
spinal fusion implant, said first and second imj>l ants when placed 
together having a combined overall width that is less that the sum 
of the individual maximum diameters of each of said first and 
second implants. 

24. The spinal fusion implant of claim 23 havi.ng a longitudinal 
central axis and at least one txnncated side forming a planar 
surface parallel to said central axis. 

25. The spinal fusion implant of claim 24 in which said truncated 
side is located at least in part at said tnaximnra diameter portion. 

26. A. method for inserting at least one f ruisto-conical spinal 
fusion implant made of a material appropriate for human 
implantation, said implant comprising a partially conical body and 
bone engaging means for engaging the adjacent vertebrae in a 
segment of the spinal column, comprising the steps of: 

distracting the two vertebrae adjacent the diseased disc and 
placing the two vertebrae in the desired amount of lordosis; 

drilling a recipient bore across the disc space and into the 
adjacent vertebrae, said bore being greater in diameter than the 
disc space height such that some bone is removed from each of the 
adjacent vertebrae; and 

inserting a f rusto-conical spinal fusion implant into said 

recipient bore. 

27 . The method of claim 26 in which said bore is generally conical 
in shape , 

28. The method claim 27 in which said bore is greatest in diameter 
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anterS.<iirly and tapering to a lesser diameter posteriorly . 

4. The spinal fweion implant of claim 2 in which said epctamal 
thread has a partially conical configuration t::iat parallels the 
configuration of said body. 

9. The spinal fusion implant of claim 8 in which said mesh 
material is made of a surgically implantable metal. 
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ABSTRACT 

THe presenc invenrion Is <a±recced to a variety of 
interlDodly spinal fusion in^lants having at least a partially 
frusto- conical configuration and the instrumentation and methods by 
which the implants of the present invention can he utilized to 
achieve a desired anatomical lordosis of the spine. The spinal 
fusion implants of the present invention may 3:>e relatively solid or 
hollow and may have surface roughenings to promote hone ingrowth 
and stability. The spinal fusion implants of the present invention 
may have wells e^ctending into the material of the implant from the 
surface for the purpose of holding fusion promoting materials and 
to provide for areas of bone ingrowch fixation. A variety of 
surface irregularities may be employed to increase implant 
stability and implant surface area, and/or for the purpose of 
advancing the spinal fusion implant into the fusion site. 
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EXHIBIT E 



DJVT^s April 27 r 

TOi Ms. s:va Renkei fm: wo- t CBIG) 7€6-&a49 

FROM: Aiaeclao FexcasTo^ Esq. 

Conl-oaO- SplnaX Fusion xmpXav^^^ 
Our H-lle N<:s- 

MO. OF t»AGES (INCl-PPSS THIS COVER SHEET}: Z 

MESSAGS: 

Enclosed is a photocopy oiP ayio^^os sux-Jface conf l^ura'clon 
which wtt n€:€:dl to Into m ena^rged fragmontary view. 

£>Xoaaa call m« co discuss. 



RECEIVED 
CENTRAL FAX CENTER 

SEP 3 0 2005 



IF YOU DO NOT RECEIVE A CI^EAIl OR COME>L£TE rPOC, PI^EA^E CJVLL US AT 
(SIS) 501-3535- OUR FAX NOMBER IS (818) 501-3618 

THE XSIEOB£»»XO«r OQXTXZkXBIBD XN {l«HX8 XS ASTORNSX^CUHtn FKTVnfitoED 

AHD CCXErFX3>]3MTXAXi^ »ITB3OT>HD «« THE USE OP OTB Xm^IVXUtlM. OR BOTXTTC 
KMffiD A&OVfi . XF a»BE T^TWTHCR. OP XHX8 Mga S A CT X3 1907 1I^8a ^^TXSIQPSID 
SeECXPXECMtf (OR THE SMPX^XBS OB. A/SEBIT XlfiSTOKTSXBXiB •PO CLfiUCOCVKR XT TO 
TOE XMTSMnBD JtECXPXBNT) ^ YCHJ JkStS HKRSB Y yOTIFX aaa TgAT WffT 
DZ99SKXMATXOfir# DXSTSlXBITTXOK 02< CQ3?TrX»C OP «PHXS COMMOXTXCTaTXCiar XS 
FROHXBXSCfiD IF HAVE K£CETVED THXS CQMMCTniCATX OK XW E»t^, 

^Xj:;^:^ STOTXEIT W COrffTfTg^T TlBTifll^ftOBm MOO JlH^' OKWr T^ OlUGXKAIi 

BiSS3AI3B TO X7S AX TH£ ADXlRKC&S X»X9TS> ABOVE AT OOA, EKPEKSE. 
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EXHIBIT F 

APPLICATION FOR LETTERS PATENT 
BY 

GARY KARLIN MICHELSON^ M.D* 
FOR 

FRU STO-CON ICAL I NTERBODY 
SPltJAL FUSION IMPLANTS AND METHOD 
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BACKGROUND OF THE INVENTION 

Related Applications 

T^is applicarion is a continuation in part of copending 
united States application Serial, No. 08/396,414 filed on February 
27, 1995 which is a continuation-in-part of United States 
application serial No. 08/074,781 filed on June 10, 1993, which is 
a continuation in part of United States application Serial No. 
07/698, 674 filed on May lO, 1991 which is a divisional of 
applicarion Serial No. 07/205,935 filed on JJine 13, 1988, now 
united States Patent No. 5,015,247 all of which are incorporated 

herein k>y reference. 

This application is also a continuation-in-part of United 
States application Serial No, 08/390,131 entitlt^d Interbody Spinal 
Fusion Implants filed on February 17, 1995. 

Field of the Invention 

The present invention relates genejrally to interbody 
spinal fusion implants, and in particular to spinal fusion implants 
configured to restore and maintain two adjacent vertebrae of the 
spine in anatomical lordosis . 

Description of The Related Art 

Interbody spinal fusion refers to the method of achieving 
bony bridging between adjacent vertebrae through the disc space, 
the specs between adjacent vertebrae normally occupied by a spinal 
disc. Numerous implants to facilitate such a fusion have been 
described by Cloward, Brantigan, Michelson, and others, and are 
known to those skilled in the art. Generally, cylindrical implants 
offer the advantage of conforming to an easily prepared recipient 
bore spanning the disc space and penetratinc into each of the 
adjacent vertebrae. Such a bore may be created by use of a drill. 
Xt is an anatomical fact that both the cervical spine and the 
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lumbar spine are normally lordotic, that is convex forward. Such 
alignment is important to the proper fur^ctionLng of the spine. 
Commonly, those conditions which require treatment by spinal fusion 
are associated wirh a loss of lordosis. 

Michelson in U.S. Patent Application Serial No- 
08/396,414, entitled APPARATUS AND METHOD OF INSERTING SPINAL 
IMPLANTS teaches a method for restoring the anatomical lordosis of 
the spine while performing the interbody fusion procedure- 
[REDACTEDJ - 

Therefore, rhere exists a need for spinal fusion implants 
and instrumenration that permits for the uniform depth of bone 
removal from each of the adjacent vertebrae while restoring 
anatomical lordosis - 

SUMMARY OF THE IKVSNTION 

The present invention is directed to a variety of 
interbody spinal fusion implants having at least a partially 
f rusto-conical configuration and the instr^imentation and methods by 
which the implants of rhe present invention can be utilized to 
achieve a desired anatomical lordosis of the spine. 

In the preferred embodiment, the spiiial fusion implants 
of the present invention have a body that is partially or fully 
f rusto-conical in shape with an insertion end and a trailing end. 
The spinal fusion implant.*? of the present invention may be further 
modified so that while the upper and lower surfa.ces are portions of 
a cone, at least one side portion may be truncated to form a planar 
surface that is parallel to the longitudinal axis of the implant to 
form straight walls* These implants may have a more tapered aspect 
at the small end of the cone to facilitate insertion. The spinal 
fusion implants of the present invention may be relatively solid or 
hollow and may have surface roughenings to promote bone ingrowth 
and stability. The spinal fusion implants of the present invention 
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may have wells extending into tlie maizerial of ths implanr t^am the 
surface for the purpose of holding fusion promdiing materials and 
to provide for areas of bone ingrowth fixation. These wells, or 
noles may pass, either into or through the implant. The spinal 
fusion implants of the present invention may have at least one 
chamber which may t>e in communication through at least one opening 
to the surface of the implant and may have at least one access 
opening for loading the chamber with fusion promoting substances. 
The access opening may be capable of being closed with a cap or 
similar means. Still further, a variety of surface irregularities 
may be employed to increase implant stability and implant surface 
area, and/or for the purpose of advancing the spinal fusion implant 
into the fusion site. The exterior of the spinal fusion implant of 
the present invention may have wholly or in part, a rough finish, 
knurling, forward facing ratcheting^, threads or other surface 
irregularities sufficient to achieve the purpose described. The 
spinal fusion implants of the present invention may be made of a 
mesh-like material, porous material, or any metal, plastic, ceramic 
or combination sufficient for the intended purpose. Such implants 
may be loaded with, composed of, or treated witn materials to make 
them bioactive to the fusion process, and may ba wholly or in part 
bioabsorbable . 

The spinal fusion implants of the pre£;ent invention offer 
significant advantages over the prior art implants: 

1. Because the spinal fusion implants of the present 
invention are at least partially f rusto-conical in shape and 
taper from th^ leading edge to the trailing edge, they are 
easy to introduce and easy to fully insert into the spinal 
segment to be fused. 

2. As the spinal fusion implants of the present invention 
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are generally Implanted from the anterior t:-^ posterior aspect 
of the spine, the shape of the implants axe consistent with 
the shape of the disc, which the implants at least in part 
replace. That is the front of the disc is normally taller 
than the back of the disc, which allows foe normal lordosis. 
The implants of the present invention are similarly taller 
anteriorly than they are posteriorly. 

3. The spinal fusion implants of the present invention allow 
for a minimal and uniform removal of bone from the vertebrae 
adjacent the disc spaoe while still providing for an interbody 
fusion in lordosis when properly inserted. 

4, The spinal fusion implants of the present invention 
conform to a geometric shape, which shape is readily 
producible at the site of fusion, to receive said spinal 
fusion implants* 

The spinal fusion implants of the pr^^sent invention can 
be made of any material appropriate for huma:^ implantation and 
having the mechanical properties sufficient to oe utilized for the 
intended purpose of spinal fusion, including vaiious metals such as 
cobalt chrome, stainless steel or titanium including its alloys, 
various plastics including those which are t io-absorbable, and 
various ceramics. Further, the spinal fusion implants of the 
present invention may comprise, wholly or :.n part, materials 
capable of directly participating in the spinal fusion process, or 
be coated with chemical substances such as bone, morphogenic 
proteins, hydroxyapatite in any of its forms, and osteogenic 
proteins, for the purpose of stimulating spinal fusion. The 
implants of the present invention may be wholly or in part 
bioabsorbable - 
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o 



OR.TRCTS o r THE PRESENT INVENTIO N 

Ir is an otoject of the present invention to provide a 
spinal implant mat is easily inserted into the spine, having a 

tapered, leading end; 

It is another object of the present invention to provide 
a spinal implant that tapers in height from on«^ end to the other 
consistent with the taper of a normal spinal disc; 

ir is yet another object of the present invention to 
provide a spinal implant that is capable of maintaining anatomic 
alignment and lordosis of two adjacent vertebrae during the spinal 
fusion process; 

It is still another object of the present invention t 
provide a spinal implanr that is self stabilizing within the spine; 

Ir is yet another object of the present invention to 
provide a spinal implant that is capable of providing stability 
between adjacenr. vertebrae when inserted; 

It is srill another object of the p>resent invention to 
provide a spinal implant that is capable of perticipat ing in the 
fusion process by containing, being composed o;:, or being treated 
with fusion promoting siabstances; 

It is further another object of the present invention to 
provide a spinal implant that is capable of spacing apart and 
g^pp^^tij^g adjacent vertebrae during the spinal fusion process; 

Ic is still further another object of the present 
invention to provide a spinal implant that is consistent in use 
with the preservation of a uniform thickness of the subchondral 
vertebral bone; and 

Ic is another object of the present invention to provide 
a spinal implant the shape of which conforms tc an easily produced 
complementary bore at the fusion site. 
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These and other objects of the present invention wilX 
J^eoome appaarenr from a review of the acoompanying drawings ana the 
detailed description of the drawings. 

BRIEF DESCRIPTION OF THE DRAWIN'3S 

Figure 1 is a side elevanional view of the spinal fusion 
implant of the present invention having a body that is frusto- 
conical with an external rhread having a substantially uniform 
radius • 

Figure lA is an enlarged fragmentary view along line lA 
of Figure 1 illustrating t:he surface configuration of the implant 
of Figure X * 

Figure 2 is a side elevational view of an alternative 
embodiment of the spinal fusion implant of the present invention 
having a body and an external thread that are both f rusto-conical * 

Figure 2A is an alternative embodiment of the spinal 
fusion implant of rhe present invention shown with an external 
thread radius and thread height thar are nor constant. 

Figure 3 is as cross sectional view along line 3 — 3 of 
rhe implant of Figure 2 . 

Figure 4 is a side eleva-cional view of an alternative 
embodiment of the spinal fusion implant of the present invention 
having a. f rusto-conical body and a surface configuration comprising 
ratchetings for engaging bone, with surface bl-asting, wells, and 
channels for bone ingrowth. 

Figure 4A is a side elevational vie\/ of an alternative 
embodiment of the spinal fusion implant of the present invention 
having truncated sides and ratchetings having a radius and height 
that are nor constant- 

Figure 4B is a top plan view of the spinal fusion impl 
shown in Figure 4A, 



anr 
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Figure 5 is a cross secrional view alorg line 5—5 of the 
implaot of Figure 4 illustrating the channels and wells of the 
implant of the present invention. 

Figure 6 is a cross sectional view along line 6 — 6 of the 
implant of Figure 4 illustrating the channels anci walls of the 
implant of the present invention. 

Figure 7 is a side elevational view of an alternative 
embodiment of the spinal fusion implant of the present invention 
having a body that is made out of a fibrous metal mesh that is 
partially f rusto-conical with one side that is truncated shown next 
to an identical second implant illustrated in hidden line. 

Figure 8 is sectional view along line 8 — 8 of the 
implants of Figure 7. 

Figure 9A is an enlarged fragmentary view along line 9 of 
Figure 7 illustrating the surface configuration of the implant of 
Figure 7 , 

Figure 9B is an enlarged fragmentary view along line 9 of 
Figure 7 illustrating the surface configuration of the implant of 
the present invention made of a cancellous mat^irial. 

Figure 10 is a sSide elevational view in partial cut-away 
of an alternative embodiment of the spinal fusion implant of the 
present invention having a body that is f ri.sto-conical and a 
surface configuration comprising a plurality of spaced apart posts. 

Figure 11 is an enlarged fragmentary i:actional view along 
lines 11 — 11 of Figure 10 illustrating the surfc.ce configuration of 
the implant of Figure 11- 

Figure 12 is a side eleva-cional viev/ of an alternative 
embodiment of the spinal fusion implant of the present invention. 

Figure 13 is a side elevational view of a segment of the 
spinal column in lordosis having the spinal fusion implant of 
Figure 12 being implanted with a driving iristrument from the 
posterior approach. 
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Figure 14 Is a side elevacional view of an alternative 
embodiment: of the spinal fusion implant of rhe present invention. 

Figure 15 is an end view along line 15—15 of the spinal 
fusion implant of Figure 14 shown placed beside a second identical 
implant sHown in hidden line. 

Figure 16 is a side elevational view of an alternative 
emtoodimenr of the spinal fusion implant of the present invention. 

Figure 17 is a side elevational view of a segment of the 
spinal column partially in lordosis showing a first drill and a 
second drill used in the method of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 
Referring to Figure 1, a side elevational view of the 
spinal fusion implant of the present invention generally referred 
to by numeral 20 is shown. The implant 20 has a body 22 that is 
frusto-conical in shape such that the body 22 has a diameter (root 
diameter) that is frusto-conical in shape. The t>ody 22 has an 
insertion end 24 and a trailing end 26* In the preferred 
embodiment, the body 22 of the implant 20 has a maximum diameter at 
a point nearest to the trailing end 26 and a minimum diameter at a 
point nearest to the insertion end 24. 

The implant 20 has an external thread 28 having a 
substantially uniform radius* Ri measured from the central 
longitudinal axis I-i of the implant 20, such that the external 
diameter of the external iihread 28 (major diameter) has an overall 
configuration that is substantially parallel to the longitudinal 
axis Li- While the major diameter of the implant 20 is 

substantially uniform, the external thread 28 may be modified at 
t;he leading edge by having initially a reduced thread radius to 
facilitate insertion of the implant 20 and may also be modified to 
make the external thread 28 self ^tapping . In the preferred 
embodiments, the external thread 28 has a fizcst thread 30 of a 
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lesser radius th^n rH^ radius Ri of the remainder of the external 
thread 28 to facilitate insertion of rhe implant 20. The second 
rtiread 32 has a greater radius tnan the first rhread 30, l^ur is 
still shorter than rhe radius Ri of the remainder of the exuernal 
thread 28 which is thereafter of constant radius. 

The frusto-conic:al configuration of the iDOdy 22 allows 
for the creating and maintaining of the adjacent vertebrae of the 
spine in the appropriate angular relationship to each other in 
order to preserve and/or restore the normal anatomic lordosis of 
the spine. The substantially uniform radius of the external 

thread 28 of the implant 20 allows for the engaging of the bone of 
the ad:Jacent: vertebrae in a position i^hat counters the forces which 
tend to urge the implant 2 0 from between the ad:iacent vertebrae in 
the direction opposite to which the implant 20 was implanted. 
Also, the configuration of the external thread 28 increases the 
surface area of the implant 20 in contact: with the bone promoting 
bone ingrowrh - 

The implant 20 has a recessed slot 34 at its trailing end 
2 6 for receiving and engaging insertion instrumentation for 
inserting the implant 20, The recessed slot 34 has a threaded 
opening 3 6 for threadably attaching the implant 20 to the insertion 
instrumentation . 

Referring to Figure lA, the implant: 20 has an outer 
surface 38 rhat is porous to present an irregular surface to the 
bone to promote bone ingrowth- The outer surf, ace 38 is also able 
to hold fusion promoting materials and providtjs for an increased 
surface area to engage the bone in the fusion process and to 
provide further stability. It is appreciated that the outer 
surface 38 and/or the entire implant 20 may coTiprise of any other 
porous material or roughened surface sufficient to hold fusion 
promoting substances ana/or engage the bone during the fusion 
process. The implant 20 may be further coated with bioactive 
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fusion promoring subsrances including, bur not limited to, 
hydroxyapatite compounds, osteogenic proteins and bone morphogenic 
proteins. The implant 20 is shown as being solid, however it is 
appreciated- that it can be made ro be entirely hollow or hollow in 
part - 

In Che preferred embodiment:, for use in the lumbar spine, 
the implant 20 has an overall length in the ranee of approximately 
27 mm to 30 mm with 26 mm being the preferred length. The body 22 
of the implant 20 has a root diameter at the insertion end 24 in 
the range of 10-20 mm, with 16 mm toeing the preferred root diameter 
at the insertion end, and a root diameter at the trailing end 2 6 in 
the range of 12-24 mm, with 19 mm toeing the preferred diameter at 
the trailing end 26, In the preferred embodiment, the implant 20 
has a thread radius Ri in the range of 8 mm to 12 mm, with 10 mm 
being the preferred radiu;5 Ri* For use in the oervical spine, the 
implant 20 has an overall length in the range of approximately 10- 
22 mm, with 12-14 mm toeing the preferred length. The body 22 of 
the implant 20 has a root diameter at the inseartion end 2 4 in the 

range of mm, with mm being the preferred root diameter at 

the insertion end, and a root diameter at the trailing end 26 in 

■Che range of mm, with mm being the preferred root diameter 

at the trailing end 26; a thread radius Ri in the range of 
approximately 4-12 mm, with 5-6 mm being the preferred radius Ri 
when inserted side by side in pairs, and 7-10 mm when inserted 
singularly. 

Referring to Figure 2, an alternativs embodiment of the 
spinal fusion implant of the present invention is shown and 
generally referred to by the numeral 120. Th€i implant 120 has a 
body 122 that: is f rusto-conical in shape similar to body 20 of 
implant 20, and has an insertion end 124 and -a trailing end 126, 
The implant 120 has an external thread 128 having a radius Ra 
measured from the central longitudinal axis La that is not 
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constant, a thread height that is constant with respect to the body 
122 and which parallels the. body 122 such that the external thread 
128 is also frusto-conical in shape. The implant 120 has an outer 
surface with large openings 140 and small openings 142 permitting 
bone ingrowth into the implant 120. 

Referring to Figure 2A, an alternative embodiment of 
implant 120 is shown and generally referred to t>y the numeral 120'. 

The implant 120' has an external thread 128' having a radius R3 
measured from the central longitudinal axis L3 oC the implant 120 ' . 

The thread radius R3 is not constant rhroughout the length of the 
implant 120' and the external thread 128' has a thread height that 
is also not constant with respect to the body 122' of the implant 
120'- In the preferred embodiment, the implant 120' has an 
exrernal thread 128' with a radius R3 that increases in size from 
the insertion end 124' to the trailing end i:26' of the implant 
120' , 

Referring to Figure 3, a cross sectional view along line 

3 3 of the implant 120 is shown. The implant 120 has an outer 

wall 144 surrounding an internal chamber 146. The large and small 
openings 140 and 142 may pass through the outer wall 144 to 
communicate wirh the internal chamber 146. The internal chamber 
146 may be filled with bone material or any na-ural or artificial 
bone growth material or fusion promoting material such that bone 
growth occurs from the vertebrae through the openings 140 and 142 
to the material within internal chamber 146, While the openings 
140 and 142 have been shown in the drawings as being circular, it 
is appreciated that the openings 140 and 142 may have any shape, 
size configuration or distribution, suitable ::or use in a spinal 
fusion implant without departing from the scope of the present 
invention . 

The implant 120 has a cap 148 with a thread 150 that 
threadably attaches to one end of the spinal fusion implant 120. 
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Tli6 cap 148 is remo^alDle to provide access to the internal chamber 
14 6, such that the internal chamber 14 6 can be filled and hold any 
natural or artificial osteoconductive, osteoinductive, osteogenic, 
or other . fusion enhancing material. Some examples such 

materials are bone harve.sted from the patien", or bone growth 
inducing material such a«. but not limited to, hydroxyapatite , 
hydroxyapatite tricalcium phosphate; or bone morphogenic protein. 
The cap 148 and/or the spinal fusion implant 120 may be made of but 
not limited to any material appropriate for nximan implantation 
including metals such as cobalt chrome, stainless steel, titanium, 
plastics, ceramics, composites and/or may be made of, and/or 
filled, and/or coated with a bone ingrowth inducing material such 
as, but not limited to, hydroxyapatite or hydroxyapatite tricalcium 
phosphate or any other osteoconduct ive , osteoinductive, osteogenic, 
or other fusion enhancing material. The cap 148 and the implant 
120 may be partially or wholly bioabsorbable . 

Referring to Figure 4, an alternatives embodiment of the 
spinal fusion implant of the present invention is shown and 
generally referred to by the numeral 220. The implant 220 has a 
f rusto-conical body 222 and has a surface configuration of forward 
facing ratchetings 24 0 suitable for engagincr the bone of the 
adjacent vertebrae. Each of the plurality of rittchetings 240 has a 
bone engaging edge 242 and ramped portion 244. 

The orientation of the ratchetings 240 makes the 
insertion of the implant 220 easier than its rerioval, as the ramped 
portions 24 4 act as an inclined plane on the way in, while the bone 
engaging edges 242 resist motion in the opposite directions. These 
forward facing ratchetings 240 tend to urge the implant 220 forward 
until the unremoved bone of the vertebrae blocks further motion 
resulting in a very stable spine and implant construct . 

In the preferred embodiment, the bono engaging edges 242 
of the ratchetings 240 have a height at a highest point measured 
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from the r-o 
2 . O imn 



on ciiameter of the implant 22 0 in the range of 0.25 - 
wirh the preferred hei^l^t toeing 0,4 iron for use in the 
rvical spine and 1.25> nim for use in the iumbar spine. 

Referring to Figures 5 and 6, cross ssectionaX views of 
implant 220 are shown. The implant 220 has channels 250 passing 
through the implant 220 and wells 260 formed in the surface of the 
implant 220. The wells 260 may or may not corrununicate with the 
channels 250, In the preferred embodiment of implant 220, the 
channels 250 have a diameter in the range of 0 , 1 mm to 6 mm, with 
2-3 mm toeing the preferred diameter. The wells 260 have a diameter 
in the range of 0,1 mm to 6 mm, with 1-3 mm toeing the preferred 
diameter range. It is appreciated that although the channels 250 
and wells 2 60 are shown having a generally rour.ded configuration, 
it is within the scope of the present invention that the channels 
250 and wells 260 may have any size, shape, configuration, and 
distribution suitable for the intended purpose. 

Referring to Figures 4A and 4B, an alternative embodiment 
of the implant 220 is shown and generally referred to by the 
numeral 220*. The implant 220' has ratchetings 240* having a 
radius R4 measured from the longitudinal central axis that 
increases in size from the insertion end 224' to the trailing end 
to the trailing end 226'. The ratchetings 240- each have a height 
measured from the body 222 » that is not constant throughout the 
length of the implant 220'. In the preferred embodiment, the 
thread radius and the thread height increase in size from the 

insertion end 224' to the trailing end 226'. 

As shown in Figure 4B, the implant 220' has truncated 
sides 270 and 272 forming two planar surfaces which are 
diametrically opposite and are parallel to the longitudinal axis 
L,. in this manner, two implants 220' may be placed side by side 
with one of the sides 270 or 272 of each implant touching, such 
that the area of contact with the bone of the adjacent vertebrae 
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and the ratchetings 240' is maximized. 

Referring to Figures 7-9A, an alternative emtoodiment of 
the spinal fusion implant of the present invention is shown and 
generally referred t<i by the numeral 320a. The implant 320a i3 
shown placed ne^t to a ge<rond implant 320b shown in hidden line. 
The implant 320a has a body 322 that is made out of a mesh-like 
material comprising strands which may be made of metal that are 
pressed together and molded into a partially f rusto-conical 
configuration. The implant 320a has an insertion end 324 and a 
trailing end 326 and may be made entirely of a mesh-like material 
or may comprise an outer covering made of the rresh-like material. 
It is appreciated that the implant 320a may be solid or may be 
partially hollow and incliade at least one internal chamber. 

A3 shown in Figure 9A, the mesh-like material comprises 
strands that are formed and pressed together such that interstices 
339, capable of retaining fusion promoting material and for 
allowing for bone ingrowth, are present between the strands in at 
least the outer surface 338 of implant 320. 

Referring to Figure 9B, alternatively the implant 320a 
may be made of a cancellous material 350 such that the outer 
surface 338 has a configuration as shown in Tigure 9B. As the 
implant 320a may be made entirely or in part of the cancellous 
material 350, the interstices 352 may be pr.ssent in the outer 
surface 338 and/or within the entire implant 320a to promote bone 
ingrowth and hold bone fusion promoting materials. 

Referring again to Figure 8, the. implant 320a is 
partially f rusto-conical , similar in shape to implant 20 but having 
at least one truncated side 340 that forms, a planar surface 
parallel to the longitudinal axis of implant 320. The truncated 
side 340 allows for the placement of two implants 320a and 320b 
closer together when placed side by side between two adjacent 
vertebrae as sot forth in O.S. Patent Application Serial No. 
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08/390,131, incorpora-ceci herein by reference [REDACTED], 

Referring to Figure 10, a side elexrational view in 
parrial cut-away of an alternative embodiment of the implant of the 
present invention is shown and generally referred to by the numeral 
420. The implant 420 has a body 422 that is f rusto-conical in 
shape having an insertion end 424 and a trailing end 426. The 
implant 420 has an outer surface 438 that is capable of receiving 
and holding bone, or other materials capable or participating in 
the fusion process and/or capable of promoting lione ingrowth. In 
the preferred embodiment, rhe surface 4 38 comprises a plurality of 
posts 440 that are spaced apart to provide a plurality of 
interstices .442 which are partial wells with incomplete walls 
capable of holding and retaining milled bone material or any 
artificial bone ingrowth promoting material, Tne implant 420 may 
be prepared for implantation by grouting or otherwise coating tJne 
surface 438 with the appropriate fusion promoting substances. 

Referring to Figure 11, an enlarged view of the surface 
438 of implant 420 is shown. In the pref©rr<^d embodiment, the 
posts 440 have a head portion 444 of a larger diameter than the 
remainder of the posrs 440, and the each of the interstices 442 is 
the reverse configuration of the posts 444 having a bottom 44 6 that 
is wider than the entrance 4 48 to the interstices 4 42. Such a 
configuration of the posts 440 and interstices 442 aids in the 
retention of bone material in the surface 438 of the implant 420 
and further assists in the locking of the implant 420 into the bone 
fusion mass created from the bone ingrowth, while providing for an 
improvement in the available amount of surface area which may be 
still further increased by rough finishing, flocking or otherwise 
producing a non smooth surface. 

In the preferred embodiment, the post* 440 have a maximum 
diameter in the range of approximately 0.1-2 ixari and a height of 
approximately 0.1-2 mm and are spaced apart a distance of 
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approximacely 0.1-2 inin such that the interstices 442 have a width 
in the range of approximately 0 . 1 to 2n«>. The posr sizes, shapes, 
and distributions may be v^iried within the same implant. 

Referring to Figure 13, a side elevaiiional view of an 
alternative embodiment of the spinal fusion implant of the present 
invention generally referred to by numeral 520 is shown. The 
implant 52 0 has a body 522 having a root diamet£=r that is frusto- 
conical in the reverse direction as that of impl.ant 20 in order to 
preserve and/or restore lordosis in a segment of spinal column when 
inserted from the posterior aspect of the spine- The body 522 has 
an insertion end 524 and a trailing end 526. In the preferred 
embodiment, the body 522 of the implant 520 has a minimum diameter 
at a point nearest to the trailing end 52 6 and .a maximum diameter 
at a point nearest to the insertion end 524. 

The implant 520 has an external thread 52 8 having a 
substantially uniform radius Rs measured from the central 
longitudinal axis of the implant 520, such that the external 

diameter of the external thread 528 (major diameter) has an overall 
configuration that is substantially parallel to the longitudinal 
axis Ls. It is appreciated that the thread 523 can have a major 
diameter that varies with respect to the longitudinal axis such 
that the major diameter may increase from the insertion end 524 to 
the trailing end 526. 

Referring to Figure 14, a segment of the spinal column S 
is shown with the vertebrae Vi and Va in lordosis and an implant 520 
shown being inserted from the posterior aspect of the spinal colxamn 
S with an instrument driver D. The implant 520 is inserted with 
the larger diameter insertion end 52 4 first in order to in 
initially distract apart the vertebrae Vi and Vj which then angl 
toward each other as the implant 520 is fully inserted. It i 
appreciated that the inseirtion of implant 520 dDes not require the 
adjacent vertebrae Vi and to be placed in lordosis prior t 
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insertion, as the full insertion of the implant 520 itself Is 
capable of creating the desired lordotic angula:r relationship of 
the two vertebrae Vi and Va . 

In the preferred embodiment, for use in the lumbar spine, 
the implant 520 has an o^rerall length in the rang.B of approximately 
27 irnn to 30 mm with 26 mm being the preferred len-gth. The body 522 
of the implant 520 has a root diameter at the insertion end 524 in 
Che range of 12-24 mm, with 14.5 mm being the preferred root 
diameter at the insertion end, and a root diamet.jr at the trailing 
end 526 in the range of 10-20 mm, with 12 . 5 mm b-.ing the preferred 
diameter at the trailing end 526. In the preferred embodiment, the 
implant 520 has a thread radius Rg m the range of 6 mm to 12 mm, 
with 8 mm being the preferred radius Rs ■ 

Referring to Figure 15, an alternative embodiment of the 
spinal fusion implant of the present invention generally referred 
Z.O by the numeral 620 with a partial fragmentary view of a second 
identical implant generally referred to by tha numeral 621 are 
shown. The implant 620 has a body 622 that is partially frusto- 
conical in shape similar to body 222' of implant 220- shown in 
Figure 4A, and has an insertion end 624 and a trailing end 62 6. The 
body 622 of the implant 620 has truncated sides 670 and 672 forming 
planar surfaces that are parallel to the longitudinal axis Lb- I" 
this manner, two implants 620 and 621 may be placed side by side, 
with one of the sides 670 or 672 of each implant touching, such 
that the area of contact with the bone of the adjacent vertebrae is 
maximized. It is appreciated that the body 622 may also be 
cylindrical in shape and have truncated sides £70 and 672. 

The implant 620 has an external thread 628 having a 
radius Rs measured from the central longitudinal axis Le that may be 
constant such that the major diameter of the external thread 628 
has an overall configuration that is substantially cylindrical. It 
is appreciated that the external thread 628 may have a thread 
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